Introduction
The etiology of congenital malformations is most often obscure. About one third of all congenital malformations recognizable at birth are of the nervous system and the majority are neural tube defects (NTD) [21] . The etiology of NTD is multifactorial [7] but some cases may be associated with infection such as during influenza epidemics [11, 15] . In Japan [33] , a regional high incidence of anencephaly was associated with a double infection by cytomegalo and coxsackie virus. EMERY [12] found lymphoreticular aggregates in newborn lungs only in those cases of intrauterine infections and meningocele or anencephaly. Along with others [2, 17, 23] , we have been considering the possibility that immune responses to infectious agents or the agents themselves may contribute to deffective development. Fetuses and neonates respond poorly to infections as well as to test antigens [28] . Although the fetus starts synthesizing IgG at 12 weeks of gestation and although there is some IgM production in late gestation that can be stimulated by intrauterine infection, the fetus and newborn rely in large part upon maternal transplacental IgG to ward off infection [13, 14] .
The aim of this study was to examine the possible association between the immune systems, infection and NTD by specifically analyzing mothers and their neonates, measuring IgG, IgM and albumin in three groups: congenital malformations, open NTD and matched controls. 
Materials and methods
The samples were taken at the Hospital de GinecoObstetricia No. 4, IMSS, in Mexico City with the mothers' consent. They were coded and the assays were performed in a blind trial by members of the Department of Human Genetics, University of Edinburgh. The three groups studied consisted of: 1) Ten cases of NTD (according to the main abnormality these were: 4 cases of anencephaly, 4 of spina bifida, and 2 of encephalocele).
2) Three cases of congenital malformations (hydrocephaly, caudal appendage, and sacral tumor). No evidence of spina bifida occulta was found on X-ray examination in any of these three cases.
Although no correlation exists between fetal alpha-fetoprotein (AFP) and IgG levels in cord sera [8] , these malformations were chosen because elevated amniotic fluid AFP has previously been associated with some cases of hydrocephaly and minor congenital malformations [6, 18, 24] and because of the association between germ cell tumors in children and NTD in the stillborn siblings [3] . 3) Twenty two matched controls. Controls were matched to the abnormal by the age of the mother ± 3 years, number of pregnancies, gestational age and sex of the neonate.
Peripheral blood was taken from the neonates and mothers within 72 hours following birth. In the NTD group one case was a stillbirth and blood was obtained by heart puncture. All the groups were divided according to gestation in preterm (< 37 weeks), term (37 -41 weeks) and post-term (42 weeks or more). The gestational age assessment was according to the date of last menstrual period, proper matched controls were important due to the differences in IgG and IgM levels found by other authors regarding gestational age [4, 28, 30] .
Measurement of IgG
Tri-Partigen-IgG plates (Behring) were used to determine IgG levels by radial immunodiffusion. Standard human serum (Behring) and sample sera were diluted 1:10 in phosphate-buffered-saline (PBS). Five microliters of each dilution were used per test, and the plates were allowed to diffuse for 50 hours at room temperature before measurements of diffusion were made.
Measurement of IgM
A two-step enzyme-linked-immunosorbent assay (ELISA) was used to determine IgM levels. Wells of immunoassay plates were coated with 0.1 ml anti-human IgM (Dako) diluted 1/100 with 0.1 M NaHCOs, pH 9.O. The plates were incubated for three hours at 37 degrees centigrades then washed six times in 0.9% saline containing 0.05% Tween 20 (Koch-Light Labs). Standard human serum (0.1 ml) or 0.1 ml of sample, diluted 1/100 in PBS containing Tween was added to the respective wells and incubated for one hour at 37 degrees centigrades. The plates were again washed six times in saline containing Tween. Peroxidaselinked anti-human IgM (Miles-Yeda Ltd.) diluted 1/200 in PBS-Tween was added to all wells and the plates incubated for one hour at 37 degrees centigrades. The plates were washed and 0.05 ml of o-phenylenediamine (Sigma) (40 mg in 100 ml of 0.1 M citrate-phosphate buffer pH 5.0) was added to all wells, followed by 0.05 ml of H 2 O 2 (5 microliters of 100 vol. in 100 ml citrate-phosphate buffer pH 5.0). The plates were incubated at room temperature (20 
Measurement of albumin
An antiserum to human albumin was used (Dako) at a concentration of 1% in rocket immunoelectrophoresis. Standard human serum and the samples were diluted 1/300 in PBS and 5 microliters of each applied. Electrophoresis was performed at 2.5 V/cm for 16 hours at 4 degrees centigrades. Plates were washed, dried and then stained in 0.5% kenacid blue (BDH) in 5:5:1 methanol: FhO: acetic acid. The albumin values were determined by measurement of the area under the rockets as compared with standard serum values.
Results
Neonates with NTD had significantly lower IgG levels than controls (table I), while their mothers had significantly elevated levels. The mother/neonate (M/N) ratio, which was established for each pair (therefore checks the consistency of the mother-fetus system), was significantly higher than the controls (p < 0.025). IgG levels in sera from three neonates with other congenital malformations and their mothers were within the normal range. Immunoglobulin M did not show any significant changes in the NTD groups. However, in three neonates with congenital malformations (table II) , IgM levels were significantly (p < 0.01) higher and their IgM M/N ratio were significantly (p < 0.01) lower than the controls. This prompted the investigation of a possible intrauterine infection in the neonates with congenital malformations. Sera from these neonates and their mothers were assayed by complement fixation for antibodies to influenza A and B, B. abortus, leptospira, adenovirus, Q fever, respiratory syncitial virus, M. pneumoniae, mumps virus (S and V), herpes simplex, measles, cytomegalovirus and psittacosis. In no case was there > 1 Iog2 difference between mother and neonate, and therefore no evidence that the neonates were infected by these agents.
Albumin was measured as an index of serum concentration. It was significantly (p < 0.001) increased in the maternal sera of the NTD group compared to the controls (table III) . In view of this finding, data were analyzed according to the type of delivery: cesarean section (5 NTD, 8 controls) or normal delivery (5 NTD, 14 controls). There were significant differences between the NTD and control group whether delivery was normal (p < 0.02) or by cesarean (p = 0.005).
Discussion
Our results agree with those of KAMRIN [20] who also found high IgG levels in mothers of spina bifida children. The opposite association has been observed in Down patients, high serum gammaglobulin, low albumin and low AFP, a common regulatory mechanism for AFP and albumin has been suggested [32] .
IgG in neonates is mostly maternal in origin, although low levels can be contributed by the fetus. It would be of interest to know the contribution of the fetus to IgG levels in cases of NTD, which could be done by allotype analysis. Fetal immunodefficiency, such as can occur following intrauterine infection with rubella [26, 27] ; or as a result of a response to paternal allotypic determinants, is unlikely to be a major cause of the low neonatal IgG levels in NTD. Other factors such as the extent of placental transfer of maternal IgG and its disappearance from the fetal circulation are more likely explanations.
The fetal IgG concentration is 5.8% of the maternal level until after 17 to 22 weeks when it rises to 10 -20%. After 26 weeks it equals the maternal concentration [16] . These changes are the result of alterations in placental permeability and maturation of specific IgG carrier mechanisms which involve placental macrophages [5, 16, 19, 31] . Abnormal functional assays in the placental barrier, perhaps involving placental macrophages may be the main reason for the low fetal IgG levels in NTD. In this regard, it is of interest that elevated number of macrophages [29] , placental immaturity [1] and increased amniotic fluid macrophages [10, 23, 25] have been associated with anencephaly. This abnormal macrophage activity may affect the ongoing maturation process or could be responsible for malformation of the IgG transport mechanism.
The high IgG levels in maternal NTD sera and the low level in their neonates resulted in a high M/N ratio. Our control values are similar to those in previous studies which gave values of IgG M/ N ratios from 0.9 to 1.25 at term [4, 28, 30] .
Immunoglobulin M, unlike IgG, did not show any significant differences between the levels in the NTD group and the controls. This is in agreement with previous studies [9] of neonates with spina bifida and suggests that intrauterine infection is not a cause of NTD. We have to remember that, although IgM is usually a good parameter for intrauterine infection, a previously raised IgM could be normal at the time of delivery and only in those cases where the virus persists in the tissues throughout pregnancy would IgM be raised [22] . In contrast to NTD, the neonates with other congenital malformations had significantly elevated IgM levels and a lower M/N IgM ratio. No differences were found between maternal and neonate sera in their antibody levels to a variety of infectious agents. The three cases of congenital malformations were delivered at term and it is interesting that BOERSMA [4] found a similar low ratio in a preterm group.
Abstract
IgG, IgM and albumin levels in sera from neonates with open neural tube defects (NTD), other congenital malformations, and matched controls were measured, as were levels in sera from their mothers. Neonates with NTD had significantly lower serum IgG levels than 22 control neonatal sera. On the other hand, the mothers of these neonates with NTD had elevated serum IgG levels resulting in a striking imbalance in the mother/ neonate IgG ratio. In contrast to IgG, IgM levels in maternal and neonatal sera from the NTD group were within normal values. The maternal albumin levels were however significantly increased reflecting hemoconcentration. In sera from 3 neonates born with other congenital malformations (hydrocephaly, caudal appendage and sacral tumor) the only significant changes were higher IgM levels and lower mother/neonate IgM ratios. These results are discussed in the context of materno-fetal immune responses, placental transfer of plasma proteins and the possible involvement of immunoglobulins in fetal malformation. 
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